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ABSTRACT 

Photographic reproductions of ERTS-1 images a r e  capable of 
displaying only a por t ion  of t h e  t o t a l  information ava i l ab le  
from the  Mul t i spec t r a l  Scanner. For these reasons methods 
a re  being developed by the  Applications Division of the  
Canada Centre f o r  Remote Sensing, t o  generate ERTS-1 images 
or iented tawards s p e c i a l  u se r s  such as a g r i c u l t u r i s t s ,  
f o r e s t e r s ,  and hydro logis t s  by applying image enhancement 
techniques and i n t e r a c t i v e  s t a t i s t i c a l  c l a s s i f i c a t i o n  schemes. 

S p a t i a l  boundaries and l i n e a r  fea tures  can be emphasized a n d  
del ineated using simple f i l t e r s .  Linear and nonl inear  
transformations can be applied t o  the  s p e c t r a l  da t a  t o  
emphasize c e r t a i n  ground information. 

A n E  
part round cover c l a s s e s  such as fallow, gra in ,  rave 
seea  or var ious  vegetation covers. The scheme app l i e s  t h e  
maximum l ikel ihood decision r u l e  t o  the s p e c t r a l  information 
and c l a s s i f i e s  t h e  ERTS-1 image on a P ixe l  by p i x e l  b a s i s .  
The user m u s t  first furnish t h e  c l a s s i f i e r  a s e t  of t r a i n i n g  
areas f o r  t h e  c lasses  of i n t e r e s t  so t ha t  t h e  s t a t i s t i c a l  
information can be  extracted.  The c l a s s i f i e r  then gives t h e  
use r  art es t imate  of how wel l  i t  can d i s t ingu i sh  t h e  c l a s ses  
on t h e  b a s i s  of t h e s e  da t a  and attempts t o  c l a s s i f y  a 
designated area.  
c l a s s i f i e r  has l imi t ed  success in dis t inguishing crops 
but  is w e l l  adapted f o r  i d e n t i f y i n g  d i f f e r e n t  types of 
vegetat ion.  

I l l u s t r a t i v e  examples a re  presented fo r  areas  i n  t h e  ERTS-1 
frame,  1007 - 16531, which covers the area around Winnipeg, 
Manitoba. 

c l a s s i f i c a t i o n  scheme was developed t o  i d e n t i f y  

Preliminary r e s u l t s  i nd ica t e  t h a t  t h e  
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INTRODUCTION 

Owing t o  t h e  f a c t  t h a t  photographs a r e  only ab le  t o  display a f r a c t i o n  
of t h e  t o t a l  information a v a i l a b l e  from ERTS imagery, d i g i t a l  methods 
t h a t  d i r e c t l y  process t h e  o r i g i n a l  data were inves t iga ted .  The goal  
of t h i s  study was t o  develop techniques t h a t  automatical ly  i n t e r p r e t  
t h e  images or  enhance d i f f e r e n t  c h a r a c t e r i s t i c s  of t h e  images. The 
inves t iga t ion  was c a r r i e d  out with t h e  use of a Bendix "Mul t i spec t ra l  
Analyzer Display" which was in te r faced  t o  a time-sharing DEC PDP-10 
computer system. A l l  t h e  methods described were appl ied t o  t h e  ERTS-1 
frame 1007 - 16531 which was imaged on July 30, 1972 and covered t h e  
a rea  centered on Winnipeg, Manitoba (Figure 1). 

The t h r e e  methods described a r e  present ly  a t  d i f f e r e n t  s tages  of develop- 
ment. Most of t h e  emphasis i n  t h i s  repor t  w i l l  be given t o  supervised 
d i g i t a l  c l a s s i f i c a t i o n  which w a s  s tud ied  extensively.  
image  processing techniques appl ied by us a r e  summarized b r i e f l y .  

The two o ther  

BOUNDARY ENHANCEMENT AND DETECTION 

Linear f e a t u r e s  such a s  boundaries between a g r i c u l t u r a l  f i e l d s ,  topo- 
graphica l  f e a t u r e s ,  and roads a r e  important i n  t h e  production of maps. 
I f  t h e  s p a t i a l  boundaries of d i f f e r e n t  ground cover c l a s s e s  w e r e  known 
i n  advance then t h e  da ta  p ixe ls  enclosed by t h e  boundaries could be 
c l a s s i f i e d  more rap id ly  and accura te ly .  
computation t o  enhance t h e s e  f e a t u r e s  i s  a form of d i f f e r e n t i a t i o n .  The 
image is  displaced one o r  two p i x e l  u n i t s  and a new image i s  determined 
from t h e  absolu te  d i f fe rence  of t h e  o r i g i n a l  and displaced image. High 
s p a t i a l  frequency content such a s  t e x t u r e  and boundaries i s  amplif ied 
a t  t h e  expense of t h e  DC components. Thresholding techniques and 
l o g i c a l  manipulations a s  described by Holdemann and Kazmierczak (1971) 
are necessary.  t o  e x t r a c t  and follow t h e  l i n e a r  f e a t u r e s .  The method 
was very successfu l  f o r  very sharp boundaries such a s  water land 
i n t e r f a c e s  seen i n  band 7 but only moderately successfu l  f o r  
a g r i c u l t u r a l  f i e l d s .  

A simple scheme involving minimum 

CANONICAL TRANSFORMATION OF SPECTRAL INTENSITIES 

The chromatici ty  transformation conceived by Taylor (1973) and descr ibed 
in  a separa te  paper a t  t h i s  conference w a s  appl ied t o  a g r i c u l t u r a l  
and f o r e s t e d  areas of t h e  ERTS frame. The technique works b a s f c a l l v  
a s  follows. 
1968) t h e  s p e c t r a l  i n t e n s i t i e s  are transformed t o  a set of uncorre la ted  
v a r i a b l e s ,  thus el iminat ing the  redundant information. 
a r e  then transformed t o  a s e t  of chromatici ty  coordinates .  

By use of a canonical t ransformation (Kendall and S t u a r t ,  

The new v a r i a h l e s  
In t h i s  
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presentat ion t h e  i n t e n s i t y  of t h e  red and green guns of t h e  "MultisDectral 
Analyzer Display" w e r e  con t ro l l ed  by the eigenvector wi th  highest  
eigenvalues,  t h e  r a t i o  of r ed  t o  green w a s  con t ro l l ed  by  t h e  second 
highest  eigenvector,  and t h e  blue gun w a s  control led by the  t h i r d  
eigenvector. This transformation of eigenvectors t o  colour is  f a r  
from optimum, bu t  is one of s e v e r a l  easy transformations t r i e d .  

Very impressive colour images were generated i n  t h i s  way. 
i n  i n t e n s i t i e s  show up dramatical ly  as d i f f e r e n t  hues. 

Small shades 

To get  t h e  optimum transformation,  t h e  s ta t is t ical  c h a r a c t e r i s t i c s  of 
t h e  port ion of t h e  o r i g i n a l  image should be used. 

?o r t an t  economic benef 
a s i b i l i t y  of automatic 
:- -.. 1- I-..- m n A -  'PF 

AUTOMATED CLASSIFT COVER TYPES 

Rapid and t imely evaiuacion or umada's a g r i c u l t u r e ,  f o r e s t  , and water 
resources has  iq lits. For t h i s  reason a study t o  
determine t h e  fei 
l i ke l ihood  decisivrl L U l c  w a a  L u a u = .  d e  emphasis in t h i s  study was  t h e  
determination of c 
and t h e  est imat ior  .f i c a t i o n  e r r o r .  

: c l a s s i f i c a t i o n  using t h e  maximum 

easilv separable using ERTS da ta  :lasses which are 
L of t h e  misclassi 

ms associated wi th  eacl 
: ly.  Provided t h a t  t h i :  
, 1968) t h a t  t h e  scheme 
Lcation e r ro r .  Though 1 
n.-..-.--- 4.L- nnv4m..m 14L, 

The maximum l ike l inooa  aec i s ion  r u l e  bas i ca l ly  p a r t i t i o n s  t h e  observation 
space,  cons i s t ing  here  of t h e  fou r  s p e c t r a l  bands , i n t o  4-dimensional 
regions a s soc ia t ed  wi th  t h e s e  c l a s ses .  
t h i s  s ta t i s t ica l  c l a s s i f i c a t i o n  scheme is that  t h e  p r o b a b i l i t y  
d i s t r i b u t i c  I of t h e  ground cover c l a s ses  are 
knmn exact s is  t r u e  then it has been shown 
(Van Trees, is optimum i n  sense of min imum 
misclassif  j t h i s  assumption is  no t  s t r i c t l y  t r u e  
f o r  ERTS inlcr5cry , c,.s ulaIIllllulu ,,=elihood decision r u l e  w a s  s t i l l  
favoured s i n c e  it is one of t h e  most es tabl ished s t a t i s t i c a l  schemes 
and includes t h e  minimum d i s t ance  r u l e  (Sebestyen, 1960) i n  s p e c i a l  
cases.  

The underlying assumption t o  

The maximum l ike l ihood  decis ion r u l e  was applied as follows. Given t h e  
s p e c t r a l  i n t e n s i t i e s  of a p a r t i c u l a r  p i x e l  the l ikel ihoods of observing 
t h e s e  i n t e n s i t i e s  are computed f o r  each of the poss ib l e  classes i n  
considerat ion.  The class with t h e  maximum l ikel ihood is chosen. 
I f  t h e  maximum l ike l ihood  i s  below a ce r t a in  th re sho ld  then no 
decis ion is made. 
of t h e  l i ke l ihoods  it w a s  assumed t h a t  the four MSS bands can b e  
adequately approximated by a mul t iva r i a t e  normal d i s t r i b u t i o n .  
Crane, Malil. and Richardson (1972) found t h a t  t h e r e  is  not s e r ious  
l o s s  in  accuracy due t o  t h i s  assumption. Let t ing 
-T 9 = ( m 4 , ~ , ~ , ~ )  and C .  be  t h e  mean vector and covariance mat r ix  

To reduce t h e  problems inherent i n  t h e  determination 

1 
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associated with class i, then t h e  logarithm of t h e  l ike l ihood of observing 
sample x (x4,x5,x6,x7) i s  given by equation (1). 

Where I . !  denotes determinant,  the  superscript "T" denotes transpose and 
-1 denotes t h e  inverse  matrix of C 

1' ci 

Two cont ras t ing  areas were s tudied  i n  t h e  determinations of the  performance 
of t h e  c l a s s i f i c a t i o n  scheme. The first area loca ted  40 miles SE of 
Winnipeg contained var ious  types of vegetat ion.  
Red River Basin w a s  e n t i r e l y  a g r i c u l t u r a l .  
Thie (1973) and Woo (1973) f o r  the  two respec t ive  areas. Using t h i s  ground 
t r u t h  w e  determined t h e  s t a t i s t i c a l  parameters of a set of classes. 
are l i s t e d  i n  Tables 1 and 2 . 

The second area i n  t h e  
Ground t r u t h  was obtained from 

They 

Several independent methods were used t o  estimate t h e  class s e p a r a b i l i t y  
and t h e  m i s c l a s s i f i c a t i o n  e r r o r .  I n  t h e  f i r s t  method t h e  divergence measure 
(Kullback, 1959) w a s  ca lcu la ted  f o r  each p a i r  of classes i and j using 
equation (2) : 

- -  
,m are t h e  covatance matrices and mean vec tors  of t h e  

~ ~ r ~ l ~ $ ~ e ~ j ~ ~ i " t h  denotes t h e  sum of t h e  diagonal  elements of t h e  
following matr ix  t h e  divergence measure is always p o s i t i v e ,  and i s  zero 
only when t h e  two classes have i d e n t i c a l  d i s t r i b u t i o n s  (Kullback, 1959; 
Wacker and Landgrebe, 1971; Fu and Min, 1968). 
between t h e  divergence and t h e  m i s c l a s s i f i c a t i o n  e r r o r .  However, some 
lower and upper bounds have been es tab l i shed  by Ma .ill and Green (1963) 
and Kadota and Shepp (1967). For 95% c l a s s i f i c a t i o n s  accuracy t h e  
divergence measure should be  above 50. The divergence matrices are 
l i s t e d  i n  Tables 3A and 4A. 

There i s  no exac t  r e l a t i o n  

In t h e  second method, t h e  o r i g i n a l  " t ra ining" d a t a  were run through t h e  
c l a s s i f i e r  and t h e  maximum l ike l ihood c l a s s i f i c a t i o n s  obtained w a s  
compared wi th  t h e  t r u e  c l a s s i f i c a t i o n .  
l i s t e d  i n  t h e  confusion matr ices  i n  Tables 3 B  and 4B. I n  t h e  t h i r d  
approach s y n t h e t i c  d a t a  having t h e  class means and CovXrfances were 
generated by Monte Carlo methods and run through t h e  c l a s s i f i c e r .  
r e s u l t s  of t h i s  las t  approach are l i s t e d  i n  Tables 3 C  and 4C. 

The r e s u l t s  of t h i s  a n a l y s i s  are 

The 
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The t h r e e  d i f f e r e n t  approaches give similar r e s u l t s .  
Pines ,  Black Spruce and Tamarack the  d i f f e r e n t  vege ta t ion  types w e r e  
d i s t inguishable  with less than 3 per  cent  e r ror .  
Tamarack w e r e  most d i f f i c u l t  t o  d i s t inguish .  
decis ion e l l i p s e s  i n  observation space is given i n  Figure 2 .  

Except f o r  Jack 

Black Spruce and 
A p r o j e c t i o n  of t h e  

The a g r i c u l t u r a l  aclasses were considerably more d i f f i c u l t  t o  discr iminate .  
Fallow and rape  seed were t h e  only classes tha t  could b e  discr iminated w i t h  
c e r t a i n t y .  The s ta t is t ical  d i s t r i b u t i o n s  of t h e  g r a i n  s tubble ,  g ra in  
f i e l d s ,  corn,  and sunflower had much overlap r e s u l t i n g  i n  a high m i s -  
c l a s s i f i c a t i o n .  
bu t  t h i s  r e s u l t  i s  probably opt imis t ic  since t h e  ground t r u t h  w a s  obtained 
from only two f i e l d s .  

Wheat w a s  c o r r e c t l y  i d e n t i f i e d  more than 952 of t h e  t i m e  

CONCLUSIONS 

The main conclusions of cnis scudy a r e  l i s t e d  below. 

1. 
by transforming t h e  s p e c t r a l  da ta  from the  4 bands t o  a set of uncorrelated 
coordinates and displaying t h e  transformed data i n  chromaticity coordinates  
t o  which t h e  eye is  most s e n s i t i v e .  Small changes i n  i n t e n s i t i e s  s tand  up 
b e t t e r  i n  t l  :olour images. 

The v i s u a l  appeal  of colour ERTS-1 images can b e  remarkably improved 

2. The maxluluUl likelihood decis ion r u l e  can d iscr imina te  t h e  vegetat ion 
classes Jack Pines  , Black Spruce, Sedges , Trernb l i n g  Aspen, Community 
Pas ture ,  and Tamarack with more than 85 p e r  cent accuracy. Errors  were 
l a r g e l y  due t o  confusing Jack Pines ,  Black Spruce and Tamarack. The 
c l a s s i f  icat:  t h e  d i f f e r e n t  a g r i c u l t u r a l  crops w a s  found t o  be  more 
d i f f i c u l t .  Ly a g r i c u l t u r a l  c lasses  t h a t  could b e  i d e n t i f i e d  with 
c e r t a i n t y  wt Low, raue seed,  and poss lb ly  wheat. 
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TABLE 1 

VEGETATION COVER ERTS FRAME 1007-16531 

Mean Intens i t ies  

- -  Band 4 - 5 Class 
Water 21.5 17.4 
Jack Pines 14.5 12.6 
Black Spruce 
Sedges 
Trembling Asp6 
Community Pas1 
Tamaracks 

., n 

- 6 
10.0 
22.3 
24.7 
25.5 
35.1 
39.0 
26.9 

- 7 
1.4 
13.1 
15 .O 
16.8 
29.6 
30.2 
18.2 

ix 
Bands 4 ,4  Q 7J- 

Class 
Water 0.5 0.1 0.7 0.0 0.1 0.9 0.0 0.0 0.1 0.3 
Jack Pines 1.0 1.0 2.4 0.9 1.3 2.1 0.7 1.2 1.1 1.3 
Black Spruce 0.5 0 . 0  0.7 0.3 0.3 1.8 0.3 0.4 1.3 1.8 
Sedges 0.5 0.0  0.8 0 . 1  0.2 1.2 -0.1 0.0 0.2 0.4 
Trembling Aspen 0.5 0.1 0.9 0.0 -0.2 2.3 -0.2 -0.4 1.2 2.0 
Community Pasture 1.0 0.7 1.9 1.0 0.6 5.1 0.9 0.3 4.3 5.4 
Tamarack 0.4 0.0 0.6 0.1 0.2 1.8 0 . 1  0.1 0.9 1.2 
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TABLE 2 

AGRICULTURAL COVER ERTS FRAMF, 1007-16531 

Class 
Fallow 

Mean Intensit ies  

5 6 - - Band - 4 - 

18.0 17.4 18.4 
Wheat 17.9 16.4 27.7 
Grain Stubble 19.5 18.7 31.7 
Corn 17.9 15.2 33.8 
Rap= 22.2 20.4 43.2 
Sunflower 18.1 15.8 31.8 
Grain F i e l d  1 9  .o 17.9 32.7 

Bands 

Class 
Fallow 
Wheat 
Grain Stubble 
corn 
Rape 
Sunflower 
Grain Field 

Covariance Matrix 

4 4  5 4  5 5  6 4  6 5  i - L - L - r  

0.8 0.6 1.7 0.7 1.4 
0.7 0.5 1.6 0.2 0.4 
3.2 4.9 8.8 0.5 1.2 
0.9 0.6 2.1 0.5 0.0 
0.9 0.6 2.0 -0.2 0.9 
0.6 0.7 3.0 0.0 -0.7 
2.2 3.2 7.3 0.4 -0.2 

7 - 

7.6 
18.0 
21.8 
26.1 
36.5 
23.6 
24 .O 

2.2 0.4 0.7 0.9 0.9 
1 .3  0.2 0.4 0.4 0.9 
4.3 -1.3 -2.1 3.0 4.8 
8.9 0.3 -0.9 10.6 14.9 
2.8 -0.3 0.9 3.4 6.5 
2.7 -0.2 -1.3 2.0 3.3 
8.5 -0.6 -1.9 8 . 1  11.1 
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VEGETATION COVER ERTS FRAME 1007-16531 

DIVERGENCE MATRIX 

Class 1 2 3 

0. 
Class 

1 
2 559. 0. 
3 645. 9. 0. 
4 761. 54. 75. 
5 1702. 307. 141. 
6 1673. 186. 181. 
7 836. 35. 7. 

CONFUSION MATRIX I TRAINING AREAS 

True Class 1 2 3 

Chosen Class 
0 
1 
2 
3 
4 
5 
6 
7 

0 0 0 
550 231 0 

0 2 1  16 
0 8 192 
0 0 0 
0 0 0 
0 0 0 
0 0 28 

CONFUSION MATRIX - MONTE CARLO 

True Class 1 2 3 

Chosen Class 
0 
1 
2 
3 
4 
5 
6 
7 

0 0 0 
100 0 0 

0 9 1  10 
0 8 77 
0 0 0 
0 0 0 
0 0 0 
0 1 13 

4 

0. 
284. 
291. 

69. 

4 

0 
0 
1 
0 

613 
0 
0 
0 

4 

0 
0 
1 
0 

99 
0 
0 
0 

5 

0. 
149. 

98. 

5 

4 
0 
0 
0 
0 

2 75 
0 
1 

5 

0 
0 
0 
0 
0 

100 
0 
0 

~~ 

TABLE 3A 

6 

0. 
208. 

TABLE 3B 

6 

2 
0 
0 
0 
0 
0 

472 
0 

TABLE 3 C  

6 

0 
0 
0 
0 
0 
0 

100 
0 

Legend: (0) Nei ther  (1) Water (2) Jack Pines  (3) Black Spruce 
(4) Sedges (5) Trembling Aspen (6) Community P a s t u r e  
(7) Tamarack 
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7 

0. 

7 

3 
0 
0 

4 1  
0 
0 
0 

554 

7 

0 
0 
0 
10 
0 
0 
0 
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AGRICULTURAL COVER ERTS FRAME 1007-16531 

DIVERGE MATRIX 

Class 1 2 3 

Class 
1 
2 
3 
4 
5 
6 
7 

- 
0 .  

203. 0. 
213. 20. 0. 
383. 62. 8. 
865. 309. 74. 
313. 31. 6.  
270. 36. 2. 

CONFUSION MATRIX - TRAINING AREAS 

True Class 1 2 3 

Chosen Class 
0 
1 
2 
3 
4 
5 
6 
7 

0 0 2 
1 7 1  0 0 

0 169 1 
0 1 34 
0 0 0 
0 0 0 
0 0 39 
0 1 4 

CONFUSION MATRIX - MONTE CARLO 

True Class 1 2 3 

Chosen Class 
0 
1 
2 
3 
4 
5 
6 
7 

0 
100 

0 
0 
0 
0 
0 
0 

0 0 
0 0 

96 8 
1 55 
2 6 
0 0 
0 23 
1 8 

4 

0. 
49. 

4. 
4. 

4 

0 
0 
3 
3 

53 
0 

22 
8 

4 

2 
0 
2 
0 

6 1  
0 

31 
4 

TABLE 4A 

5 6 7 

0 .  
98. 0. 
50. 4 .1  

TABLE 4B 

5 6 

0 0 
0 0 
0 1 
0 3 
0 10 

49 0 
0 43 
0 0 

TABLE 4C 

5 6 

0 0 
0 0 
0 3 
0 8 
0 10 

100 0 
0 72 
0 7 

0 .  

7 

1 
0 
4 

22 
1 7  
1 

44 
54 

7 

3 
0 
5 

2 1  
11 
0 

26 
34 

Legend: (0) Nei ther  (1) Fallow (2) Wheat (3) Grain S tubble  (4) Corn 
(5) Rapeseed (6) Sunflower (7) Grain F i e l d  
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Fig 1: ERTS-1 frame 1007-16531 band 7 imaged July 30 1972. The a g r i c u l t u r a l  
a r e a  i s  indica ted  at  t h e  lower l e f t .  The vegetat ion a rea  i s  ind ica ted  on t h e  
r i g h t  and extends about 30 kilometers beyond the southern boundary. 
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Ffgure 2 :  
space. (1) Water (2) Jack Pines ( 3 )  Black Spruce ( 4 )  Sedges (5)  Trembling 
Aspen (6)  Community Pasture ( 7 )  Tamarack. 

Projectfan of the vegetation decision regions in observation 

Figure 3: Boundary detection applied t o  agricultural area East of 
the Southern end of Lake Winnipeg. 
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